The ␤(6,0) (B 2 ⌸ r -X 2 ⌸ r ) and ␥(3,0) (A 2 ⌺ ϩ -X 2 ⌸ r ) bands of NO have been recorded using a vacuum ultraviolet Fourier transform spectrometer with synchrotron radiation as light source. The analysis of the ␤(6,0) and ␥(3,0) bands of NO provides accurate rotational line positions and term values. Molecular constants of the vϭ6 level of the B 2 ⌸ r and vϭ3 level of the A 2 ⌺ ϩ have been determined. Accurate rotational line strengths have also been obtained. The band oscillator strength of the ␤(6,0) and ␥(3,0) bands are determined to be 0.48ϫ10 Ϫ4 and 2.69ϫ10 Ϫ4 , respectively.
I. INTRODUCTION
In the wavelength region 175-205 nm the penetration of solar radiation into the atmosphere is controlled by the absorption cross sections of the Schumann-Runge bands of O 2 . Part of the radiation transmitted is available to photopredissociate NO, which has a number of strong bands with very narrow lines in the region 183-195 nm. With recent advancement of new spectroscopic techniques, we thought it would be beneficial to record and analyze these NO systems with a resolution that is comparable to the Doppler width to obtain accurate line positions and, more importantly, the band oscillator strengths of these bands. Discussions on the necessity for high resolution measurements of NO have been presented in previous papers of the series on NO bands. [1] [2] [3] In these papers we describe how we combined high-resolution vacuum ultraviolet ͑VUV͒ Fourier transform ͑FT͒ spectrometry with synchrotron radiation by taking the Imperial College ͑IC͒ VUV FT spectrometer to the synchrotron radiation source at Photon Factory, KEK, Japan, where a suitable zero dispersion two-grating predisperser is available on beam line 12-B. ͑The predisperser is necessary to limit the bandwidth to a few nm in order to achieve acceptable signal-to-noise ratios, S/N.͒ We have used this combination of facilities to make ultra high resolution cross-section measurements of NO in the wavelength region 195-160 nm. The present paper in this series presents the spectroscopic analysis and the line and band oscillator strengths of the ␤(6,0) (B 2 ⌸ r -X 2 ⌸ r ) and ␥(3,0) (A 2 ⌺ ϩ -X 2 ⌸ r ) bands of NO. An extensive review of the earlier experimental work on the electronic spectrum of NO molecules is given by Miescher and Huber. 4 The absorption spectra of NO were photographed in the VUV region for the first time by Leifson. 5 He noticed the three groups of band systems, now known to be the ␥, ␤, and ⑀ bands. Herzberg and Mundie 6 observed anomalous intensity distribution in the NO bands and assumed that the ⑀ bands are a continuation of the ␥ bands. Tanaka 7 investigated the absorption bands of NO, and confirmed anomalous intensity in the ␥ bands. He assigned the ␥ bands up to vЈϭ7 by following the comments of Herzberg and Mundie. The existence of both the ␥ and ⑀ bands was confirmed by observation of the ␥(4,0) band in the ⑀ ͑0,0͒ band by Herzberg et al. 8 However, the ␥(3,0) band has never been analyzed rotationally in absorption. The molecular constants of the vϭ3 level of the A 2 ⌺ ϩ state have been available from observation in emission. [9] [10] [11] Recently Danielak et al. 12 reinvestigated in emission the ␥ bands of NO including the ͑3,0͒ band with a high resolution grating instrument. The ␤(6,0) band of NO was studied extensively by Miescher and co-workers. 8, 13 They observed the ͑5,0͒ to ͑19,0͒ bands of the ␤ system in absorption by using a medium resolution grating instrument, and presented the rotational constant for the B(6) level.
The cross section measurements of the B(6) -X(0) and A(3) -X(0) bands by Bethke 14 were performed at low resolution, 0.04 nm, in the presence of Ar. The rotational lines were pressure broadened to well beyond the instrumental width, enabling the true cross sections to be measured. Farmer et al. 15 used the ''Hook'' technique to measure the band oscillator strengths of the ␥ bands of NO including the ͑3,0͒ band. Cieslik 16 made low resolution measurements of NO at low pressure and used the equivalent width and curve of growth method to obtain the band oscillator strength of the A(3) -X(0) band. Chan et al. 17 used the high resolution dipole (e,e) technique, which is not sensitive to the instrumental resolution. Laux and Kruger 18 calculated ab initio the band oscillator strengths for the ␥ band. Luque and Crosley 19 also obtained the band oscillator strengths from the lifetime measurements after two photon excitation.
In this paper, we report the analysis of the ␤(6,0) and the ␥(3,0) bands of NO near 198 nm by using the VUV FT spectrometer with synchrotron radiation for the background source. Accurate line positions and line strengths of the rotational lines have been retrieved from our FT spectra. The rotational term values of the B 2 ⌸ r (vϭ6) and A 2 ⌺ ϩ (v ϭ3) levels have been evaluated and then fed to a least squares fitting program to obtain accurate molecular constants of these levels. Since the resolution of the present experiment is comparable to the Doppler widths, the determination of the band oscillator strengths of these bands has been performed using line by line measurements.
II. EXPERIMENT
Details of the experimental procedures for recording high resolution FT spectra of NO between 160-198 nm have been described in our earlier publications. [1] [2] [3] Only a brief description of the experimental conditions with respect to the recording of the ␤(6,0) and ␥(3,0) bands will be given here. An absorption cell with optical path length of 7.54 cm was used, which was filled with 0.300 Torr of NO at 295 K. The column density of NO in this experiment was 7.4ϫ10 16 
mol cm

Ϫ2
. A total of 236 scans, corresponding to above 10.7 hours of integration time, with a resolution of 0.06 cm Ϫ1 , have been co-added. The signal-to-noise ratio in the continuum background was about 50. The resonance line of Hg I at 184.8 nm was used as reference wave number in the previous papers.
1,2 However, in this wavelength region we have no convenient absolute reference. From the calibration constant in the previous papers, we estimate the uncertainty in the absolute values as 0.02 cm Ϫ1 . Relative uncertainties for the strong lines are better than 0.01 cm Ϫ1 .
III. RESULTS AND DISCUSSION
The absorption spectra at around 195 nm were converted to optical depth by taking the logarithms of the intensity and fitting a smooth continuum to the regions between the lines. The absorption lines were fitted to Voigt profiles using the spectral reduction routine GREMLIN. 20 The Voigt profile for the NO lines is a convolution of a Gaussian line shape due to Doppler broadening and a Lorentzian line shape arising from predissociation. Line parameters are determined through a nonlinear least squares iterative procedure that takes as free parameters both the Gaussian and the Lorentzian contributions as well as the line center and integrated intensity. However, in the fitting to retrieve line parameter, Gaussian component is sufficient to describe the line shape, because the upper levels of these band systems are located below the dissociation energy. The fitted profiles yielded an anoma- lously large Gaussian contribution, with a full width at half maximum ͑FWHM͒ of 0.175 cm
Ϫ1
, as against the 0.12 cm Ϫ1 expected for Doppler width in our experimental conditions. This anomalous Gaussian width is considered to be due to drifts in alignment of the synchrotron beam and the external optics which cause very small wave number shifts over the long observation periods. Figure 1͑A͒ shows the Fourier transform spectrum of the ␤(6,0) and ␥(3,0) bands near 195 nm. As can be seen, the ␤(6,0) band is considerably weaker than the ␥(3,0) band. The high J lines of the ␥(3,0) band overlap heavily with the ␤(6,0) band. Figure 1͑B͒ is an expanded portion of the spectrum showing details of the rotational structure of the ␥(3,0) band. We observed 76 lines of the ␤(6,0) band and these lines were assigned to six main branches ( P 1 , Q 1 , R 1 , P 2 , Q 2 , and R 2 ). For the ␥(3,0) band, 224 lines belonging to 12 branches expected from a 2 ⌺ -2 ⌸ transitions have been assigned for the first time. These lines are tabulated in ͑a͒ and ͑b͒ of Table I . Lagerqvist and Miescher 13 had studied the ␤(6,0) band, and differences in the observed line positions ͑their values-our values͒ are plotted in Fig. 2 . The agreement is excellent, ϩ0.019Ϯ0.092 cm Ϫ1 . Our measurements have extended the assignment of rotational lines to Jϭ17.5 of the ␤(6,0) band and Jϭ21.5 of the ␥(3,0) band. ⌳-doubling of the ␤(6,0) band has been observed in R 1 23 and Hougen. 24 The matrix elements used in this work for the calculation of rotational energy levels are the same as those in Amiot et al. 26 The parameters included in the description of the 2 ⌸ state are the band origin T 0 ; the rotational parameters B and D; the spin-orbit parameters A and A D . For the 2 ⌺ state: the band origin T 0 ; the rotational parameters B and D; the spin-rotation constant ␥. The rovibronic term values of the upper state of the ␤(6,0) and ␥(3,0) bands were fitted to the parameters of the 2 ⌸ and 2 ⌺ . The uncertainty in T 0 is dominated by the 0.02 cm Ϫ1 uncertainty in absolute wave numbers.
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A. Line positions and molecular constants
A(3)
state, respectively. Using a least squares package, the molecular parameters obtained for the vϭ6 level of the B 2 ⌸ r state and the vϭ3 of the A 2 ⌺ ϩ state are listed in Table III . The molecular parameters determined by Engleman and Rouse, 11 Danielak et al., 12 and Barrow and Miescher 25 are included for comparison. The apparent discrepancy between the band origin measured in this work and that of Danielak et al. 12 arises from the use of different reference points in the X 2 ⌸ state. In the ground state term value calculation, Danielak et al. 12 used matrix elements in Table II of Amiot et al., 26 which were different from those of Amiot et al. 22 by 58.171 cm
Ϫ1
. This difference in term value is exactly equal to an amount Ϫ 1 2 Aϩ2Bϩ 1 2 p as listed in the matrix elements. Our molecular parameters were determined with high accuracy and the agreement between our values and those of earlier work is excellent.
B. Band oscillator strength
The band oscillator strengths are given by
where Ñ (vЉ) is the fractional Boltzmann population of the absorbing vibrational level, and the integration of the cross section is performed over all the rotational lines belonging to the (vЈ,vЉ) band. In our retrieval of line parameters from the absorption spectrum, in addition to line positions, the integrated cross section of each line was also obtained. ͑a͒ and ͑b͒ of Table IV list the integrated cross sections of the rotational lines of these two bands. The integration of the cross sections of all observed rotational lines of the ␥(3,0) and ␤(6,0) bands is equal to the sum of the integrated cross sections of all observed lines in ͑a͒ and ͑b͒ of Table IV , respectively. For the ␤(6,0) band, the weak satellite branches from this ⌬⌳ϭ0 transition were not observed. It is expected that the contribution of these satellite branches to the band oscillator strength should be insignificant. Observations of rotational lines are mostly limited to Jр22.5. The contributions of the higher J lines are obtained by extending the total integrated cross sections to Jϭ36.5. Figure 3 is a plot of the total integrated cross sections of the R 22 branch of the ␥(3,0)
band versus J. The solid line in the figure was obtained by fitting those experimental points and the extended contribution was estimated by extrapolating the line to Jϭ36. 5 . The results of the extended contributions are also listed in ͑a͒ and ͑b͒ of Table IV. Table V gives the band oscillator strengths determined for the ␤(6,0) and ␥(3,0) bands. Errors in the band oscillator strengths obtained by integration over all lines are estimated to be about 10% for the ␤(6,0) band and 5% for the stronger ␥(3,0) bands, including uncertainties from extrapolation as well as those in the measured lines. Table V compares our values with those in the literature. Among all the band oscillator strength determinations, only ours were performed using line by line measurement with a resolution comparable to the Doppler width of the spectral lines. We notice that our value of the ␥(3,0) band is among the smallest of the published values, and suggest that our line by line measurement can identify accurately the transition lines belonging to the ␥(3,0) band and exclude any overlapping transition intensity of other bands. Our determined value for the ␤(6,0) band is the largest among these values. We would like to postpone our discussion of band oscillator strengths of various band systems of NO in the wavelength region 160-195 nm until after the analyses of all these bands are completed. 
